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EXPERIMENTAL MILIARIA
AN INSTANCE WITH STAPHYLOCOCCI AND CANDIDA IN THE LEsI0Ns*
J. P. O'BRIEN, M.D.t
A series of experiments designed to elucidate the role of infection in miliaria
were carried out at the New York Skin and Cancer Unit during the Summer of
1952. One experiment, in which staphylococci and Candida (Monilia) were
discovered together in the lesions, is the sub.ject of this paper.
Case History: N. J., a male sugar-mill worker aged 43, presented with miliaria
pustulosa (1) during very humid weather. The lesions consisted of numerous
typical pustules scattered mainly on the trunk, and to a lesser extent, on the
limbs. Before any treatment was given, his skin was tested, using a special
technic for studying staphylococcal disease. The technic, which has been de-
scribed more fully elsewhere (2), consists in the prolonged application of a solid
culture medium directly on to the skin surface and it provides data on:
(i) The local microhic flora,
(ii) The etiologic role of such flora in the lesions which are elicited.
Technic: A small mouldeci aluminum cup, filled to the brim with nutrient
agar containing 8 % sodium chloride, was strapped to an area of unaffected
skin on one shoulder ("The test cup".)
To a similar area on the opposite shoulder was applied a separate "control"
agar cup preparation, similar in every way to the "test", except that its comple-
ment of nutrient agar contained enough bacteriostatic to maintain sterility on
the covered surface during its period of application. The bacteriostatic used was
Merthiolate (Lilly) and it was incorporated into the control salt agar in the
proportion of one part per ten thousand parts of medium.
After a period of four days, the agar cups were removed and the areas of skin
covered by them were examined. As will be seen from Plate 1, the round, agar-
covered area shows, in the case of the test (un-sterile) side, numerous minute
papules and pustules on a diffusely edematous base. Erythema, not so evident
in the photograph, was also present, and it too was maximal on the area covered
by the culture medium. Subculture (under aerobic conditions) revealed that the
test site harbored a profuse number of staphylococci with a virtual absence of
other bacteria. Predominant was a staphylococcus possessing a very pale yellow
hemolytic colony. However, fully typical staphylococcus pyoqenes (aureus)
showing coagulase production was not isolated.
* From the Department of Pathology, The University of Sydney, Sydney, Australia and
the Lewisham Hospital, Sydney, Australia.
t Formerly Visiting Fellow, Department of Dermatology and Syphilology (Chairman—
Marion B. Sulzberger, M.D.), New York University Post Graduate Medical School and the
Skin and Cancer Unit. Now Pathologist, Lewisham Hospital, Sydney.
* Nutrient agar containing this high concentration of sodium chloride (''salt agar") is a
fairly selective medium for staphylococcal growth (3).
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PLATE 1. The Test patch on which microbie growth was stimulated. The photograph was
taken immediately following the removal of the agar culture medium after a 4-day period of
application. The test area lies within the white ring of adhesive mixture which remained
after the adhesive tape was removed. The area is edematouis and shows nuimerouis small
vesicles, papules and puistules. The skin covered by the adhesive tape lies ouitside the white
ring and is also abnormal, hit the changes present are not analyzed in this paper. Mag-
nification X1.5.
Except for one lesion, the control ("Merthiolated") side was quite normal in
appearance and texture at the end of the experiment (Plate 2), and the cor-
responding agar cup was found to be sterile on subculture.
A biopsy of the test area (i.e. from the central portion of skin shown in Plate 1)
was taken immediately after the cups were removed and five hundred serial
sections were made from the whole of the tissue. Sections were stained by
hematoxylin and Biebrich Scarlet, by Gram, and by the Periodic Acid-Schiff
method. Permission for a biopsy from the control site was refused.
El ISTOLOGY
All the sweat pores in the biopsy appear obstructed at their outlets in the
manner of miliaria crystallina (sudamina) (la). The ducts are dilated in varying
degree and some show severe intraductal and periductal neutrophilic infiltration
producing the general histologic picture of miliaria pustulosa (Plate 3). Tn most
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PLATE 2. The Control, sterile area, which also lies within a ring of adhesive mixture. The
area appears normal in color and texture except for one lesion. The surrounding skin,
which was covered by adhesive tape, is much the same as in Plate 1. Magnification X1.5.
of these lesions clumps of Gram-positive cocci, probably staphylococci, are
rea±Iy observed in the terminal coils of the corresponding sweat pores, such a
pore being illustrated in Plate 4. The appearances seem to be the same as those
obtained in closely similar experiments carried out on volunteers with previously
normal (as opposed to miliarial) skin (Plate 26 of Reference (2)). In my experience,
sweat pores do not normally contain such obvious bacteria.
FT]NGLS MYCELIUM IN THE PORES
It is of special interest that fungus mycelium is evident in a proportion of
the most severely diseased sweat pores. In some instances both mycelium and
cocci are both present in the same pore, the cocci then being the more superficial.
As shown in Plates 5 to 10, the mycelium is rather coarse, nodose and has clumps
of bulbous or yeast-like lateral branches. Although sections do not permit exact
identification, the organism is regarded as Candida (Monilia).* This identity is
* Only cocci and not Candida had been isolated in culture from the test site; however,
special efforts to discover Candida had not been employed as its subsequent detection in the
sections was not anticipated.
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PLATE 3. Miliaria pustulosa as seen iii the biopsy from the test area. The keratin ring
(reference 2) around the opening of the sweat pore is seen as the (lark-staining mass (top
right) which projects down from the stratum corneum. The underlying neutrophilic in-
filtration is so dense as to form a small abscess which adjoining sections show to he partly
periductal arid partly intraductal in position; the duct wall cannot he identified in this
particular section. (Hematoxylin and Biebrich Scarlet x300.)
supported by the fact that over the subsequent eight weeks the patient gradually
developed a more classic form of Candida infection involving the umbilicus and
Candida albicans was then readily identified by culture from the lesions.
The biopsy shows no apparent Candida either in relation to the hair follicles
or in the stratum corneum away from the sweat pores; in other words, the
fungus is rather specifically located in the sweat pores.
DISCUSSION
In the present experiment, the application of nutrient medium directly to a
patch of unaffected skin of a patient already suffering from pustular miliaria
brought forth a pustular rash of poral (miliarial) type which was comparable
with the native (original) rash. Sections showed that the affected sweat pores
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PLATE 4. Apparent staphylococci (indicated by an arrow) in a typical sweat pore from
this biopsy. Some neutrophils appear as darker, larger spots deeper down in the duct.
(Gram stain X1350.)
contained large masses of cocci, probably staphylococci, associated in some
cases with more deeply placed colonies of Candida. Virtually no rash developed
when sterility was maintained on a paired control area.
The observations are interpreted to mean that the application of culture
medium to the skin of this patient upset a delicately balanced host-organism
relationship so that micro-organisms, hitherto merely latent on the tested area,
were enabled to set up a frank (i.e. clinical) local infection presumably analogous
to the natural disease present elsewhere on the patient.
The factors bringing about this state of infection were presumably:
i. A reduction in the skin's resistance to infection because of (a) maceration and
(b) an associated obstruction of the pores of miliaria crystallina type.
ii. An increased local temperature at the skin surface due to covering, this
increase again favoring microbic growth.
iii. The direct stimulation of microbic growth as a result of the abundance of
suitable nutrients provided by the culture medium.
In as much as the paired sterile control remained virtually normal, it is argued
that factors (i) and (ii) are largely preparatory and that bacterial infection is the
final or "trigger" factor as regards the pustular clinical rash.
A close comparison may he drawn between this situation and what is known
to pertain in many cases of chronic dermatophytosis of the feet; although the
organism is preseiit continuously, infection occurs (i.e. the disease relapses) only
when the environmental (physical) conditions favor microbic growth. And
again, in this situation, the soil is prepared by the combined effects of warmth
and maceration.
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KEY TO PLATES 5 AND 6
PLATES 5 AND 6. (See key). Two adjacent sections of the sweat pore which belongs to the
lesion of Plate 3. Strands of mycelium (A) are invading downwards and lie partly within the
keratin lining (keratin ring), and partly free in the lumen of the duct. The mass (B) is a
dense cast composed of polymorphs which are clumped around the leading elements of the
fungus. The mass (C) is coagulum containing staphylococci (not evident in the photo-
graphs). (Periodic Schiff X 1350.)
This interpretation derives from the fact that infectious disease is the resultant
of the interaction between host and organism. Factors which reduce the resistance
of the host are equally as important as the virulence of the organism. Indeed, it
is probably true that if the resistance of the host is sufficiently reduced, organisms
which are not normally considered as pathogenic on the skin can maintain
(as distinct from initiate) a state of disease. The evaluation of such bacteria is a
problem of great complexity.
Although the present observations as regards Candida are fragmentary, they
open up new avenues of speculation which may be briefly posed as questions:
1. Does Candida albicans preferentiallyinhabit the sweat pores in, forexample,
the carrier (disease-free) state? Such a localization would be in accord with its
known powers of persistence on the skin. The poral colonization by other micro-
organisms is well known.
2. As regards the classic forms of moniliasis, does Candida spread initially
from the sweat pores to involve the other parts of the skin?
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PLATE 9
PLATE 10
PLATES 9 AND 10. Two plates where the morphology indicates that the fungus is Candida
(Monilia). The outline of the underlying pustule can just be made out in Plate 10. (Periodic
Schiff X1350.)
PLATES 7 AND 8. A lesion showing fungus deep within a pustule which, although not
evident from the photograph, was located at a sweat pore (miliaria pustulosa). The level of
the stratum corneum is shown at the top left-hand side of Plate 8. (Periodic Schiff X1350.)
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3. Can Candida, by growing within the pores under favorable conditions,
bring about miliaria, especially miliaria pustulosa?
The answer to question 3 will be obtained only from more complete studies;
the original pustular rash in this case was not specifically studied for Candida.
It is pertinent to recall here that E. C. Smith (4) proposed that Candida is the
regular cause of tropical miliaria rubra (ordinary, non-pustular miliaria). Smith's
evidence has been reviewed elsewhere (2) and is not convincing. Moreover, in a
recent restudy of the point employing 1,000 sections stained by the sensitive
Periodic-Schiff method (5), no evidence of Candida was found in the lesions of
six authentic cases of tropical miliaria rubra. Therefore, despite these new ob-
servations in regard to Candida as a possible factor in some cases of miliaria
pustulosa, I still believe that staphylococci should be regarded as the principle
infective agents in ordinary nilliaria rubra.
4. Is symbiosis between Candida and staphylococci important in some in-
fective states of the skin? Candida grows well under reduced oxygen tension
and staphylococci, by consuming oxygen, may possibly have this effect.
SUMMARY
In a patient already suffering from miliaria pustulosa it was found possible
to reproduce miliaria-like changes by applying a suitable solid culture medium
directly to an unaffected portion of skin. The response did not develop to a com-
parable degree when a similar application was kept sterile.
Staphylococci were found in the pores of the experimental lesions, and Candida
albicans was sometimes present as well.
The importance of micro-organisms iii the final production of clinical miliaria
is supported.
Disturbed host-organism relationship is concerned in some cases of miliaria
in much the same general manner as pertains in dermatophytosis of the feet.
Much remains to be learned about this relationship in recurrent infections of the
skin. As a corollary, the evaluation of borderline and so-called "non-pathogenic"
skin bacteria is a problem of peculiar difficulty.
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